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ABSTRACT
DNA extracts from 156 tick pools, 18 blood spec-
imens and 17 spleens from European woodmice
(Apodemus sylvaticus) collected in Brittany, France
were tested by PCR for the 16S rRNA gene of
Anaplasmataceae. Positive amplicons were se-
quenced and conﬁrmed, either by ampliﬁcation
and sequencing of a second gene, or by a second
PCR speciﬁc for the P44 and gltA genes of Anaplas-
ma phagocytophilum and the gltA gene of Ehrlichia
sp.HF. In addition toA. phagocytophilum, the study
detected Ehrlichia sp. HF for the ﬁrst time in Ixodes
ricinus ticks. This organism has only been detected
previously in Ixodes ovatus ticks from Japan.
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Ixodes ricinus, the common European tick, has
been shown to carry several infectious agents,
including bacteria, viruses and protozoa, among
its hosts, which include various mammals and
birds [1]. Anaplasma phagocytophilum, an obligate
intracellular bacterium, causes tick-borne fever in
sheep and cattle, human granulocytic ehrlichiosis
in humans, and equine ehrlichiosis [2–4].
A. phagocytophilum has been detected by PCR in
small wild rodents (Clethrionomys glareolus, Apod-
emus ﬂavicollis and Sorex araneus) in Switzerland,
and in C. glareolus in the UK [5,6]. Parola et al. [7]
reported that A. phagocytophilum was detected in
one of 80 I. ricinus ticks in central France [7].
Ehrlichia sp. HF strain was isolated ﬁrst from mice
and Ixodes ovatus ticks in Japan during 1994 [8],
and is sometimes referred to as IOE (‘I. ovatus
Ehrlichia’). Strains of Ehrlichia HF are related
closely to Ehrlichia chaffeensis and Ehrlichia muris,
based on their 16S rRNA sequences [9], but have
not been reported previously outside of Japan.
The aim of the present study was to search for
ehrlichial agents and A. phagocytophilum in ticks
and small rodents in Brittany, France. Ticks were
collected by ‘ﬂagging’ from 17 different locations
between February and July 2002. Tick species
were identiﬁed morphologically [10] and by 12S
rRNA gene sequence analysis (data not shown).
European woodmice (Apodemus sylvaticus) were
collected in two different locations using traps;
the mice were killed humanely with isoﬂurane,
and their blood and spleens were extracted. Ticks
were washed twice with distilled water and
pooled. DNA was extracted from the pooled
ticks, from 10 mg of spleen, and from 200 lL of
blood from individual mice, using a QIAamp
DNAMini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s recommendations.
DNA samples were screened by PCR using a
primer pair, EHR16SD and EHR16SR, that ampli-
ﬁes a 345-bp fragment of the 16S rRNA gene of
members of the family Anaplasmataceae (Table 1)
[11]. Positive PCR results were conﬁrmed by a
second PCR using the following primer pairs:
EYCS-373F and EYCS-550R, designed to amplify a
178-bp fragment of the gltA gene of Ehrlichia HF
strains at 54C; P44F and P44R, and HG602F and
HG700R, designed to amplify a 300-bp fragment
of the P44 protein gene and a 99-bp fragment of
the gltA gene of A. phagocytophilum, respectively
(Table 1). A DNA sample positive for human
granulocytic ehrlichiosis was included as a pos-
itive control in each PCR for A. phagocytophilum,
and distilled water was added to each PCR mix,
instead of DNA, as a negative control.
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Ten random positive PCR products from tick
pools, and all positive PCR products from mice,
were sequenced using primers EHR16SD and
EHR16SR. When further conﬁrmation was re-
quired, the DNA fragment was extended using
the primers shown in Table 1. When the original
16S rRNA sequence of the Ehrlichia HF strain was
established, the data were conﬁrmed by sequenc-
ing the gltA gene with the primers listed in
Table 1. The gltA sequence obtained was therefore
aligned using the ClustalW program [12] (http://
www.ddbj.nig.ac.jp/search/clustalw-e.html) with
the sequences of related Ehrlichia spp. contained
in GenBank. A phylogenetic tree was constructed
using the data from ClustalW and MEGA3.1 [13].
Overall, 1725 ticks were collected, comprising
one Dermacentor reticulatus, 18 Ixodes hexagonus
and 1706 I. ricinus. In total, 156 tick extracts were
tested by PCR, of which 113 extracts from I. ric-
inus were positive. Of these 113 extracts, ﬁve from
three locations were positive for Ehrlichia HF, and
18 from ﬁve locations were positive for A. phag-
ocytophilum (both the P44 and gltA genes). Among
the ten random positive PCR samples from ticks
Table 1. Primers used in this study for ampliﬁcation and ⁄ or sequencing of 16S rRNA and the gltA and P44 genes of
Ehrlichia HF and Anaplasma phagocytophilum
Primer Sequence (5¢)3¢) Target Gene Reference
fD1 AGAGTTTGATCCTGGCTCAG Universal 16S [19]
EHR16SD GGTACCYACAGAAGAAGTCC Anaplasmataceae 16S [11]
EHR16S-1286F GTAATCGTGGATCATCATGC Ehrlichia spp. 16S This study
EHR16S-346R CATAGCTGGATCAGGCTTTC Ehrlichia spp. 16S This study
EHR16SR TAGCACTCATCGTTTACAGC Anaplasmataceae 16S [11]
Rp2 ACGGCTACCTTGTTACGACTT Universal 16S [19]
MUR400F GCTGTAGATATTACTTCTTT HF strains and Ehrlichia muris gltA This study
EHR-CS136F TTYATGTCYACTGCTGCKTG Ehrlichia and Anaplasma gltA [20]
EYCS-373F ATGCCTCCTCAGGTAGTTTA Ehrlichia HF gltA This study
MUR1095F AGCTCATGGTGGAGCAAATG Ehrlichia HF and E. muris gltA This study
MUR1340F ACATTGCATTACAAGACAGC Ehrlichia HF and E. muris gltA This study
EYCS-550R GCGCTACCATACTTGCAATT Ehrlichia HF gltA This study
EHR-CS778R GCNCCMCCATGMGCTGG Ehrlichia and Anaplasma gltA [20]
MUR1525R AACTGACGTGGACGACATAT Ehrlichia HF strains and E. muris gltA This study
HG602F TGGATGATGCACATCGTG Anaplasma phagocytophilum gltA [20]
HG700R TACGCACAGTGGAAGTAG A. phagocytophilum gltA [20]
P44F GAGTTTGCTAAGGCCGTG A. phagocytophilum P44 This study
P44R ACAGCTTTGGCGTTGTCG A. phagocytophilum P44 This study
100
100
100
100
100
85
57
100
100
100
99
96
94
0.05
Ehrlichia sp. HF strain in Brittany
Anaplasma marginale, AF304140
Anaplasma centrale, AF304141
Anaplasma platys, AY077620
Ehrlichia canis, CP000107
Ehrlichia chaffeensis, CP000236
Ehrlichia ewingii, DQ365879
Ehrlichia muris, AF304144
Ehrlichia ruminantium, CR925677
Ehrlichia sp. Yamaguchi, AF304145
Neorickettsia helminthoeca, AF304149
Neorickettsia risticii, AF304147
Neorickettsia sennetsu, CP000237
Wolbachia endosymbiont of Drosophila melanogaster, AE017196 
Rickettsia conorii, U59730
Rickettsia prowazekii, U59715
Fig. 1. Phylogenetic tree based on gltA gene sequences. GenBank accession numbers used to construct the tree are shown.
The Ehrlichia sp. detected in Brittany, France is underlined.
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that were evaluated by screening PCR, two were
related to A. phagocytophilum (95.1–99.0% similar-
ity), one was 100% similar to Ehrlichia sp. HI-2000
(305 ⁄ 305, AF260591), six were related to Rickett-
siales bacterium It86 (100% similarity; 305 ⁄ 305,
AF525482) (a bacterium related closely to IricES1
has been detected previously in I. ricinus in Italy
and the UK [14,15]), and one was related to the
uncultured a-proteobacterium isolate DGGE band
GWS-FL-4 (95.4%, similarity; AY274230). The
sample positive for Ehrlichia HF was conﬁrmed
by PCR ampliﬁcation and sequencing of a longer
16S rRNA sequence (DQ647318), which revealed
99.3% (1421 ⁄ 1431) similarity to Ehrlichia sp. HI-
2000. In addition, sequencing of a 1105-bp seg-
ment of the gltA gene (DQ647319) revealed 97.3%
similarity to Ehrlichia sp. Yamaguchi (1075 ⁄ 1105,
AF304145). This latter sequence was used to
construct the phylogenetic tree (Fig. 1).
Eighteen European woodmice were captured.
Blood samples from all mice, and spleen samples
from 17 mice, were extracted and screened by
PCR. Two blood samples and one spleen sample
were positive, and the sequences obtained from
the spleen sample and a blood sample were both
100% similar to that of A. phagocytophilum
(AY144728).
In conclusion, the present study detected
A. phagocytophilum by PCR in I. ricinus ticks, as
well as in European woodmice. Ticks infected
with A. phagocytophilum were prevalent in ﬁve of
17 locations, suggesting that A. phagocytophilum is
distributed throughout Brittany. Only a small
number of rodents and one tick species were
examined, and further studies of other mammals
and ticks are needed to determine the overall
prevalence of A. phagocytophilum, and to elucidate
the reservoir and vector species. The ehrlichial
agent that was detected in I. ricinus in this study
was shown to cluster with an Ehrlichia sp.,
isolated from I. ovatus, which has been reported
previously only in Japan and has been named
Ehrlichia HF [8] (Fig. 1). The reservoir of Ehrlichia
HF strains is unknown, although this organism
has been detected in dogs, rodents and I. ovatus
ticks collected from bears [8,16,17]. Ehrlichia HF
strains cause fatal infection in laboratory C57BL ⁄ 6
mice [18], and this organism has also been
detected in a sick dog [17], but its pathogenesis
in humans is still unknown. The worldwide
distribution of Ehrlichia HF strains is also
unknown; however, the present study has shown
that these organisms are not restricted to I. ovatus
ticks nor to Japan. Ehrlichia HF infection might be
a plausible explanation for some of the unex-
plained consequences of tick bites, and further
investigations are warranted.
ACKNOWLEDGEMENTS
We thank B. Caro, A. Le Dret, B. Degeilh, N. Vassallo, E´.
Collin, F. Lars, J.-C. Lamer and M. L’Hostis for their help in
tick collection and DNA preparation.
REFERENCES
1. Sonenshine DE. Biology of ticks. New York: Oxford Uni-
versity Press, 1993.
2. Chen SM, Dumler JS, Bakken JS, Walker DH. Identiﬁcation
of a granulocytotropic Ehrlichia species as the etiologic
agent of human disease. J Clin Microbiol 1994; 32: 589–595.
3. Hudson JR. The recognition of tick-borne fever as a disease
of cattle. Br Vet J 1950; 106: 3–17.
4. Foggie A. Studies on the infectious agent of tick-borne
fever in sheep. J Pathol Bacteriol 1951; 63: 1–15.
5. Liz JS, Anderes L, Sumner JW et al. PCR detection of
granulocytic ehrlichiae in Ixodes ricinus ticks and wild
small mammals in western Switzerland. J Clin Microbiol
2000; 38: 1002–1007.
6. Ogden NH, Bown K, Horrocks BK, Woldehiwet Z, Bennett
M. Granulocytic Ehrlichia infection in ixodid ticks and
mammals in woodlands and uplands of the UK. Med Vet
Entomol 1998; 12: 423–429.
7. Parola P, Beati L, Cambon M, Brouqui P, Raoult D. Eh-
rlichial DNA ampliﬁed from Ixodes ricinus (Acari: Ixodi-
dae) in France. J Med Entomol 1998; 35: 180–183.
8. Fujita H, Watanabe Y. Ehrlichial organisms isolated from
Ixodes ovatus ticks and ﬁeld rodents in Japan. Ann Rep
Oharahosp 1994; 37: 13–17.
9. Shibata S, Kawahara M, Rikihisa Y et al. New Ehrlichia
species closely related to Ehrlichia chaffeensis isolated from
Ixodes ovatus ticks in Japan. J Clin Microbiol 2000; 38: 1331–
1338.
10. Hillyard PD. Ticks of north-west Europe. Shrewsbury: Field
Studies Council, 1996.
11. Parola P, Roux V, Camicas JL, Baradji I, Brouqui P,
Raoult D. Detection of ehrlichiae in African ticks by
polymerase chain reaction. Trans R Soc Trop Med Hyg
2000; 94: 707–708.
12. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-speciﬁc
gap penalties and weight matrix choice. Nucleic Acids Res
1994; 22: 4673–4680.
13. Kumar S, Tamura K, Nei M. MEGA3: integrated software
for molecular evolutionary genetics analysis and sequence
alignment. Brief Bioinform 2004; 5: 150–163.
14. Beninati T, Lo N, Sacchi L, Genchi C, Noda H, Bandi C. A
novel alpha-Proteobacterium resides in the mitochondria
of ovarian cells of the tick Ixodes ricinus. Appl Environ
Microbiol 2004; 70: 2596–2602.
15. Sanogo YO, Parola P, Shpynov S et al. Genetic diversity of
bacterial agents detected in ticks removed from asympto-
340 Clinical Microbiology and Infection, Volume 13 Number 3, March 2007
 2006 Copyright by the European Society of Clinical Microbiology and Infectious Diseases, CMI, 13, 316–346
matic patients in northeastern Italy. Ann NY Acad Sci 2003;
990: 182–190.
16. Inokuma H, Parola P, Raoult D, Brouqui P. Molecular
survey of Ehrlichia infection in ticks from animals in
Yamaguchi Prefecture, Japan. Vet Parasitol 2001; 99: 335–
339.
17. Inokuma H, Ohno K, Onishi T, Raoult D, Brouqui P.
Detection of ehrlichial infection by PCR in dogs from
Yamaguchi and Okinawa Prefectures, Japan. J Vet Med Sci
2001; 63: 815–817.
18. Sotomayor EA, Popov VL, Feng HM, Walker DH, Olano
JP. Animal model of fatal human monocytotropic ehrli-
chiosis. Am J Pathol 2001; 158: 757–769.
19. Inokuma H, Terada Y, Kamio T, Raoult D, Brouqui P.
Analysis of the 16S rRNA gene sequence of Anaplasma
centrale and its phylogenetic relatedness to other ehrlichi-
ae. Clin Diagn Lab Immunol 2001; 8: 241–244.
20. Inokuma H, Brouqui P, Drancourt M, Raoult D. Citrate
synthase gene sequence: a new tool for phylogenetic ana-
lysis and identiﬁcation of Ehrlichia. J Clin Microbiol 2001;
39: 3031–3039.
RESEARCH NOTE
Evaluation of two commercial enzyme
immunoassays for the detection of
norovirus in faecal samples from
hospitalised children with sporadic acute
gastroenteritis
I. Wilhelmi de Cal1, A. Revilla2, J. M. del
Alamo1, E. Roma´n3, S. Moreno2 and
A. Sa´nchez-Fauquier2
1Servicio de Microbiologı´a, Hospital Severo
Ochoa, Legane´s, 2Servicio de Virologı´a, Centro
Nacional de Microbiologı´a, Instituto de Salud
Carlos III, Majadahonda and 3Servicio de
Pediatrı´a, Hospital de Fuenlabrada,
Fuenlabrada, Madrid, Spain
ABSTRACT
Two commercially available enzyme immunoas-
says (EIAs), IDEIA and Ridascreen, for norovirus
antigen detection were evaluated with 117 faecal
samples from hospitalised children with acute
gastroenteritis. Eighteen of 39 samples positive by
RT-PCR were characterised by sequence analysis,
and 17 of these were related to norovirus geno-
group II. When compared with RT-PCR, the
sensitivity and speciﬁcity values were 76.9%
and 85.9%, respectively, for the IDEIA assay,
and 59.0% and 73.1%, respectively, for the Rid-
ascreen assay. The sensitivity and speciﬁcity of
both EIA tests require improvement, but they
could both eventually be of use in the diagnosis of
norovirus diarrhoea in clinical laboratories.
Keywords Diagnosis, diarrhoea, enzyme immunoas-
say, norovirus, RT-PCR, viral gastroenteritis
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The family Caliciviridae contains two viruses that
infect humans: norovirus (NoV) and sapovirus
(SV). Norovirus is the leading cause of epidemic
non-bacterial outbreaks of gastroenteritis [1], and
is also an important cause of infantile sporadic
acute gastroenteritis [2–4].Norovirus genogroups I
and II, comprising at least 29 different genetic
clusters, contain most of the strains that infect
humans [5]. Currently, RT-PCR is the main diag-
nostic tool for human Caliciviridae infections and
is considered to be the diagnostic standard [6].
Commercial enzyme immunoassays (EIAs) have
recently been developed, but limited data concern-
ing their performance are available. In previous
studies, the IDEIA NVL assay (DakoCytomation,
Ely, UK) was reported to have a sensitivity of
39)55.5% and a speciﬁcity of 98.3)100% in com-
parison with RT-PCR [7,8]. The aim of the present
study was to evaluate the IDEIA NVL assay
together with a second assay, Ridascreen NLV
(R-BioPharm, Darmstadt, Germany), for their abil-
ity to detect NoV antigen in faecal samples.
The study was performed with children aged
< 5 years with a clinical diagnosis of acute
gastroenteritis, hospitalised in Severo Ochoa
Hospital, Madrid, Spain between 1 October 2002
and 1 April 2004. Stool specimens were collected
within 24)48 h of admission and were stored at
4C. All samples were screened for bacterial
pathogens, rotaviruses, adenoviruses and astro-
viruses. A subset of 117 samples negative for
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